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ABSTRACT: Natural products continue to play a significant role in drug discovery and development processes, and many
plants have already provided valuable clues for potentially bioactive compounds. Additionally, it has become evident that
significant health risks and benefits are associated with dietary food choice. Studies conducted in the past few years have
demonstrated that quince (Cydonia oblonga Miller) is a good, safe, and low-cost natural source of different classes of
interesting metabolites. In particular, phenolic compounds have application as preventive or therapeutic agents in diseases in
which free radicals are involved. Despite the fact that quince fresh or processed fruit properties have attracted most
attention, this study focused on antioxidant activities of phenolic compounds extracted from leaves of the Tunisian local
variety. Accordingly, chromatographic characterization of methanol extract revealed the existence of nine compounds
corresponding to phenolic acids and flavonoids. However, only six compounds could be systematically identified namely, 4-O-
caffeoylquinic acid, quercetin-3-O-rutinoside, quercetin-3-O-galactoside, kaempferol-3-O-rutinoside, kaempferol-3-0O-
glycoside, and kaempferol-3-O-glucoside. Total phenolic compounds and flavonoids showed respectable content as
compared to common medicinal plants: 52.5 mg/g dw and 4 mg/g dw, respectively. Consequently, DPPH free radical-
scavenging activity and the inhibition of pre-formed radical ABTS+ by leaf extract were comparable to or even higher than
the effect of synthetic antioxidant BHT. In addition, both tests were very highly correlated (r = 0.82) under the effect of
quince leaf extract testifying to the sufficiency of only one test to highlight antioxidant potential.
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1 INTRODUCTION

Quince (Cydonia oblonga Miller) is a fruit tree of the Rosaceae family, whose cultivation has rapidly spread from Asia to
central and southern parts of Europe, North Africa, Oceania and Americas. In Tunisia, quince has been historically grown
mostly in the northern part of the country with current production estimated to 3000 t/year over 700 ha of croplands [1].
Fresh or processed quince fruits have been widely recognized as a valuable and cheap dietary source of health-promoting
compounds, due to biologically active constituents which are characterized by their antioxidant, antimicrobial, anti-
inflammatory, anti-proliferative, and anti-ulcerative properties [2], [3], [4], [5], [6], [7]. There has been, nonetheless, an
increasing attention to the phenolic content, composition and reactivity of quince non-edible aerial parts namely, leaves and
seeds [2], [8].

Quince leaves have been also historically used, after decoction or infusion, in traditional medicine for their sedative,
antipyretic, anti-diarrheic and antitussive properties and for the treatment of various skin diseases [8], [9], [10], [11]. Several
therapeutically focused studies showed that quince leaf extract improved antioxidant activities in the liver of hyperlipidaemia
rats [11], significantly protected the human erythrocyte membrane from hemolysis [12], prevented hematotoxic stress
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induced by UVA in catfish [13], and inhibited the proliferation of human colon cancer cells (Caco-2) in a concentration-
dependent manner [5].

All these health-promoting properties have been attributed to the high level of phenolic compounds contained in fruits
and leaves of Cydonia oblonga. In general, more than 4000 phenolic compounds (phenolic acids, flavonoids or tannins) have
been found at different concentration in vascular plant tissues, where they are able to act as antioxidants to prevent free
radical damage to proteins, carbohydrates, lipids and DNA caused by abiotic stress [3], [12], [14], [15]. Aside to their
physiological roles in plants, some of them are also favorable to human health, since they are able to act as antioxidants in a
number of ways: as reducing agents, hydrogen donors, free radicals scavengers, singlet oxygen quenchers, metals chelators,
enzyme inhibitors and in cell signaling, and, therefore, as cell saviors [3], [12]. Thus, scientific interest in antioxidants isolated
from plant materials has been encouraged in order to ascertain whether the course of oxidative stress-related diseases can
be altered.

Among the several Cydonia oblonga vegetal tissues, leaf characterization is relatively recent and is still understudied as
compared to comestible parts such as fresh or processed fruits [3], [7], [16]. This work is among the first studies that aim to
characterize phenolic compounds in Tunisian quince leaves as well as their antioxidant potential as compared to synthetic
bioactive standards.

2 MATERIALS AND METHODS
2.1 LEAF SAMPLE PREPARATION

Fresh leaves of the local quince variety (Cydonia oblonga Miller) were sampled randomly from six various orchards
located in the north-eastern part of Tunisia prior to leaf abscission (November). This agricultural area is famous for growing
fruit trees, where quince fruits are produced to be sold fresh or mainly for jam production. At the laboratory, healthy green
leaves were selected, thoroughly rinsed under running tap water then dried at 40 °C for 5 d. Dried leaves were ground until
reaching a fine powder consistency then stored at 4 °C prior to analysis.

2.2 PHENOLIC COMPOUND ANALYSIS

Prior to the extraction of phenolic compounds, vegetable fats were removed from powdered leaves in a clean-up step.
Accordingly, a prepared leaf sample (30 g) was extracted with n-hexane (200 mL) for 24 h in a Soxhlet apparatus. Then, the
same leaf sample was air-dried again and phenolic compounds extracted with methanol (200 mL) under the same
experimental conditions. The solvent extract was filtered and evaporated to dryness at 40 °C in a rotary evaporator (Heidolph
Laborota 4001, Germany). Finally, residual dry extracts were re-dissolved in methanol at 1 mg/mL prior to analysis.

Phenolic compounds extracted from quince leaves were identified using high-performance liquid chromatography
(Agilent 1100, USA) with diode-array detector (HPLC—DAD) coupled on line to a tandem mass spectrometer (MS/MS) (Waters
Micromass Quattro Ultima, USA). Oven temperature was kept constant at 30 °C and UV spectrum acquisition was operated
between 250 and 550 nm.

23 TOTAL PHENOL AND FLAVONOID CONCENTRATION

The concentration of total phenolic compounds extracted from quince leaves was measured using Folin-Ciocalteu
reagent. From the dry extract solution at 1 mg/mL, 0.5 mL was mixed with 5 mL of a 1/10 ultra pure water diluted Folin-
Ciocalteu reagent and 4 mL Na,CO; (1 M). The mixture was shaken for 15 min at room temperature in darkness before
absorbance determination at 765 nm using a UV-vis spectrophotometer (Jasco V350, Japan). Total phenolic content is
determined with respect to a reference compound, gallic acid (GA), and results are expressed as mg GA equivalent per g dry
weight (mg GAE/g dw) [17].

Total flavonoid content was determined by mixing 0.5 mL of dry extract (1 mg/mL) with 1.5 mL methanol, 0.1 mL AICl;,
6H,0 (10%), 0.1 mL C,H5NaO, (1 M) and 2.8 mL of ultra pure water [18]. The mixture was shaken vigorously then left to react
for 30 min in darkness. Absorbance was determined at 430 nm and results expressed as mg quercetin equivalent per g dry
weight (mg QE/g dw).
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2.4 ANTIOXIDANT POTENTIAL OF LEAF EXTRACT

The antioxidant activity of leaf methanol extract was measured using colorimetric methods and compared to the
reactivity of butylated hydroxytoluene (BHT), a synthetic antioxidant used as a food additive in small amounts [19]. Trolox (6-
hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid), a water-soluble analog of vitamin E, was also used to estimate and
compare the antioxidant activities of quince leaves and BHT by defining their relative TEAC (Trolox Equivalent Antioxidant
Capacity) expressed as mmol TEAC/g extract [20].

In this study, the antioxidant potential of quince leaf extract was evaluated using two distinct decolorization assays: 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity and reduction of pre-formed radical monocation 2,2'-azino-bis-3-
ethylbenzthiazoline-6-sulphonic acid (ABTS-+). DPPH radical-scavenging activity was determined by [21] with a slight
modification. Extract (1 mL) was added at increasing concentrations to 2 mL of DPPH (0.1 mM) in ethanol. The mixture was
mixed vigorously and allowed to stand at room temperature in the dark for 1 h. The absorbance of the resulting solution was
measured spectrophotometrically at 515 nm. A blank solution was prepared using a mixture of methanol (1 mL) and DPPH (2
mL). In parallel, BHT antioxidant activity was estimated using the same experimental protocol and Trolox standard curve was
prepared in the range of 0-100 umol (Fig. 1).
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Fig. 1. Linear regression of DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging activity of Trolox (6-hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid).

The free radical scavenging activity was determined by ABTS (2,2-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid)
radical cation (ABTS-+) decolorization assay [22]. ABTS (2 mL) was first dissolved in ultra pure water to 7 mmol concentration.
Then ABTS radical cation (ABTS:-+) was produced by reacting ABTS stock solution with 2.45 mmol potassium persulfate
(K,S,03) and kept in the dark at room temperature (20 + 2 °C) for 12-16 h before reaction. The radical is stable in this form for
more than 2 d when stored in the dark at room temperature. Before analysis the ABTS:+ solution was diluted in methanol to
an absorbance of 0.7 at 734 nm. Aliquots of 150 uL of leaf sample extract were added at increasing concentrations to 2580 pL
of diluted ABTS-+ solution and absorbance was read exactly 15 min after initial mixing in the dark. As for DPPH assay, BHT
antioxidant activity was estimated using the same experimental protocol and Trolox standard curve was prepared in the
range of 0-300 umol (Fig. 2).
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Fig. 2. Linear regression of ABTS-+ (2,2-azino-bis-3-ethylbenzothiazoline-6-sulphonic acid) radical cation scavenging activity of Trolox
(6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic acid).

25 STATISTICAL ANALYSIS

All measurements were carried out in triplicate and data processed using STATISTICA 5.0 software (StatSoft Inc., USA). For
both antioxidant assays, half maximal 50% inhibitory concentrations (ICso) of quince leaf extract and BHT were calculated
using Origin 6.0 (Microcal Software Inc., USA). ANOVA with Student’s t-test at P < 0.05 was applied to compare ICsy values of
ABTS-+ and DPPH inhibition by quince leaf extract and BHT, respectively. Strength of relationship (r) between DPPH and
ABTS-+ inhibition by leaf extract was estimated using Pearson product-moment correlation.

3 RESULTS AND DISCUSSION

3.1 LEAF EXTRACT CHARACTERISTICS

Results of chromatographic analysis of methanol leaf extract are represented in Table 1. A total number of nine
compounds were detected under the experimental conditions applied to this analytical technique. Based on technical data
provided for each peak, these nine compounds could be divided into two classes: four phenolic acids (C1, C7, C8, and C9) and
five flavonoids (C2, C3, C4, C5, and C6). However, only six compounds were systematically identified as illustrated in Table 1.
These compounds corresponded to five flavonoids (namely, quercetin-3-O-rutinoside, quercetin-3-O-galactoside,
kaempferol-3-O-rutinoside, kaempferol-3-O-glycoside, and kaempferol-3-O-glucoside), and one phenolic acid (4-O-
caffeoylquinic acid). Apparently, quercetin-3-O-rutinoside (rutin) constitutes the major phenolic compound in Tunisian
quince leaves (largest peak). The same observation was also made by [3] who reported 36% of rutin in Tunisian quince fruit
peels.

Literature describing the characterization of quince leaf extract is limited as compared to fruits for instance [23]. Oliveira
et al. [8] reported that HPLC phenolic profile of Portuguese quince leaves revealed also the existence of nine compounds
including those identified in this study. The rest of compounds matched exactly the three non- identified phenolic acids
illustrated in Table 1: 3,5-O-dicaffeoylquinic acid, 3-O-caffeoylquinic acid and 5-O-caffeoylquinic acid. The latter was found to
be the major compound (36.2%) followed by quercetin-3-O-rutinoside (21.1%) and kaempferol-3-O-rutinoside (12.5%).
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Table 1. Chromatographic characterization of quince leaf methanol extract

Parent ion UV spectrum

Peak No. Compound RT (min) (M-H) (nm)
c1 4-0O-caffeoylquinic acid Phenolic acid 15.94 354.31 250; 324
Cc2 Quercetin-3-0O-rutinoside (Rutin) Flavonoid 30.99 610.53 256 ; 354
c3 Quercetin-3-0-galactoside (Hyperin) Flavonoid 31.55 464.38 256 ; 354
ca Kaempferol-3-O-rutinoside Flavonoid 32.28 594.53 266 ; 350
c5 Kaempferol-3-0-glycoside Flavonoid 33.22 448.38 266 ; 350
Cc6 Kaempferol-3-O-glucoside Flavonoid 33.80 432 266 ; 320
Cc7 n.d Phenolic acid 36.07 452 276 ;320
Cc8 n.d Phenolic acid 37.33 386 250; 312
Cc9 n.d Phenolic acid 37.71 386 312

n.d: not determined

In fact, most of the published data on quince leaf characterization originate from Portugal where, unlike our study, 5-O-
caffeoylquinic acid has been always observed as the major compound ranging from 10.7 mg/g [5] to 15.7 mg/g [12]. Oliveira
et al. [8] showed that the geographical origin as well as the sampling season of leaves influenced their phenolic composition
in Portugal. Within the same geographic area, Costa et al. [12] identified only six phenolic compounds in methanol extracts of
quince leaves, three phenolic acids and three flavonoids. They attributed this lack of detection to low extraction
effectiveness. In this study, the presence of five flavonoids in leaf methanol extracts (Table 1) is not surprising since this type
of compounds act as UV filters, protecting some fragile cell structures, such as chloroplasts, from photooxidation [8], [12].

Quantification based on absorbance determination revealed that total phenolic and flavonoid contents were 235.66 mg
GAE/g methanolic extract and 17.6 mg QE/g methanolic extract corresponding to 52.52 mg GAE/g dry leaves and 4 mg QE/g
dry leaves, respectively (extraction yield = 22.3%). These values represent a respectable content that characterizes plants
used for herbal medicine. For example, Sreelatha and Padma [24] pointed out that in Moringa oleifera mature leaves, total
phenolic and flavonoid compounds were 46 and 2.7 mg/g, respectively. Oliveira et al. [8] already pointed out that a total
phenolic mean content of 10.3 mg/g is considered as relatively high, qualifying quince leaves as a good and cheap source of
bioactive constituents. Using 5-O-caffeoylquinic acid (CA) as calibration standard, it was reported that phenolic compounds in
Portuguese quince leaves contained a mean of 220 mg CA/g dry leaves [12]. This was significantly two-fold higher than CA
content in green tea. In their comparative study, Teleszko and Wojdyto [7] showed that the highest concentration of total
polyphenols was observed for Polish quince leaves (89.6-175.4 mg/g dw) followed in a decreasing order by cranberry, apple,
chokeberry, Japanese quince, bilberry and blackcurrant leaves.

As compared to the composition of quince edible parts (hole fruit, pulp, peel, or jam), it has been reported that the total
phenolic content of leaves is higher owing to higher drying yields [7], [8], [25]. Accordingly, analytical results showed that
Spanish quince peels have a total polyphenols content of 5.81 mg GAE/g, nine-fold lower than that determined in our leaves
[6]. Comparable total content of phenolic compounds of 4.85 mg/g was also observed for quince jam [26]. In Tunisian quince
fruits, Fattouch et al. [3] found that the total phenolic mean contents of the pulp and peel parts were 0.42 and 1.31 mg/g fw,
respectively. Same content variation has been also reported for Indian quince pulp and peel (0.67 and 0.97 mg GAE/g fw,
respectively) [27]. This confirms that quince leaves, based on lower water content and different physiological function,
contain significantly higher concentration of phenolic compounds than fruits independently of the geographical origin and
distribution.

3.2 ANTIOXIDANT CAPACITY

Antioxidant capacity assays may be broadly classified as single electron transfer- (SET) and hydrogen atom transfer- (HAT)
based assays. SET assays are much easier and measure the capacity of an antioxidant in the reduction of an oxidant, which
changes color when reduced [28]. DPPH free radical-scavenging activity has been largely used as a routine screening method
for testing the antiradical potential of a large variety of compounds [29]. It is actually the most published antioxidant activity
reported for different quince parts. In this study, both quince leaf extract and BHT presented a steep increasing
concentration-dependent antiradical activity up to 120 ug/mL. This was reflected by comparable 1C5, values at P < 0.05 (38.4
and 36.5 ug/mL, respectively) as shown in Fig. 3.
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Fig. 3. Sigmoidal regression of DPPH (2,2-diphenyl-1-picrylhydrazyl) percent inhibition by quince leaf extract and BHT. Values are
means of triplicate measurements. Half maximal 50% inhibitory concentrations (ICs;) of quince leaf extract and BHT were calculated
using Origin 6.0 software.

Costa et al. [12] investigated DPPH free radical-scavenging capacity in twelve healthy quince leaf samples collected in
various seasons and regions of Portugal. They reported ICso values varying between 14.5 and 27.6 pg/mL with a mean
average of 21.6 pg/mL. This is actually higher than the antiradical activity observed for Tunisian quince leaves but lower than
green tea (12.7 pug/mL) and ascorbic acid (8.1 ug/mL), for instance [12]. For quince edible parts, pulp and peel extracts
showed respectively 1Cs, values of 600 and 800 pg/mL for DPPH activity, while seed extract presented much lower
antioxidant potential (12.2 mg/mL) [30]. This is nonetheless far lower than antiradical activity reported for leaf extract. We
noted also comparable TEAC values for leaf extracts and BHT: 1.25 and 1.20 mmol TEAC/g dw, respectively. In their study on
Tunisian quince fruits, Fattouch et al. [3] found higher TEAC values for peel than pulp: 4.27 against 3.33 g TEAC/100 g fw,
respectively. As suggested, hydroxycinnamic acid derivatives seem to be the main driving force behind DPPH free radical-
scavenging activity [2], [25]. The antioxidant effect of caffeoylquinic acids can be explained by the presence of a catechol
group, which confers a great stability to phenoxyl radicals by participating in electron delocalization. Additionally, conjugated
double bond in the side chain of a catechol group is likely to have great effect in stabilizing the putative phenoxyl radical and,
therefore, in enhancing antiradical activity [2], [12], [25].

The inhibition of the pre-formed radical monocation of 2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS:+) is
illustrated in Fig. 4. As for DPPH activity, quince leaf extracts and BHT dose-dependently reduced ABTS:+ until 100% inhibition
at 500 pg/mL. However, BHT effect was slightly stronger within this concentration range yielding an 1Csq value of 128.2 pg/mL
as compared to that of leaf extracts (161.4 pg/mL). In addition, there was no significant difference in their TEAC (0.73 and
0.87 mmol/g dw, respectively). Comparable values were also reported for Polish quince leaves (1.16 mmol TEAC/g dw),
considered as the strongest among all studied plant species [7]. In contrast, Van Der Werf et al. [31] found lower ABTS-+
activity for French common quince fruit sugar-free polar extract (SFPE): 0.22 mmol TEAC/g SFPE.

ISSN : 2028-9324 Vol. 13 No. 3, Nov. 2015 523



Total phenolic compounds and antioxidant potential of quince (Cydonia oblonga Miller) leaf methanol extract

B Leaf extract

1 A BHT
100 A—A

80
i)
560
€ 1 =
+-
()

4
5 .
< ) A
2

20

0
1 10 100

Log concentration (microg/mL)

Fig. 4. Sigmoidal regression of ABTS + (2,2'-azino-bis-3-ethylbenzthiazoline-6-sulphonic acid) percent inhibition by quince leaf extract
and BHT. Values are means of triplicate measurements. Half maximal 50% inhibitory concentrations (ICs;) of quince leaf extract and BHT
were calculated using Origin 6.0 software

In their investigation on plant species of the genus Chaenomelese, close relative to quince, Du et al. [32] already qualified
of strong ABTS:-+ activities in fruits varying between 0.19 and 0.31 mmol Trolox/g fw. In other medicinal plants, Shi et al. [33]
determined for instance a much lower TEAC value (0.89 pumol/g dw) in water extracts of the aromatic herb Artemisia
selengensis. They found also a very strong correlation between ABTS:+ inhibition and total phenolic acid content. Finally,
DPPH and ABTS:+ inhibition tests were very highly correlated in this study (r = 0.82) proving that only one test is sufficient to
highlight the antioxidant potential of quince leaf extract.

4 CONCLUSION

Quince leaves constitute a promising natural source rich in bioactive compounds, namely caffeoylquinic acids, quercetin
and kaempferol heterosides. Furthermore, leaves are low cost and are widely available after fruit harvest. The antioxidant
and antiproliferative activities described for these materials may be indicative of the interest in quince leaves as a natural
source of health promoting compounds, suitable for application in nutritional/pharmaceutical fields, in the prevention and
treatment of free radical-mediated human chronic pathologies, such as cardiovascular diseases and cancer.

ISSN : 2028-9324 Vol. 13 No. 3, Nov. 2015 524



Saoussen Benzarti, Helmi Hamdi, Imen Lahmayer, Wala Toumi, Amel Kerkeni, Khadija Belkadhi, and Houcine Sebei

REFERENCES

(1]
(2]

(3]

(4]

(5]

(6]

(7]
(8]
[0l

(10]

(11]

(12]

(13]

(14]
(15]

(16]

(17]

(18]
(19]

(20]

MESST (Ministry of Environment and Sustainable Development of Tunisia), Pour une stratégie sur la diversité biologique
a I’horizon 2020, Volume II: La biodiversité végétale. p. 240, 2012.

B. M. Silva, P. B. Andrade, P. Valentdo, F. Ferreres, R. M. Seabra, and M. A. Ferreira, Quince (Cydonia oblonga Miller)
fruit (pulp, peel, and seed) and jam: antioxidant activity, Journal of Agricultural and Food Chemistry, 52, pp. 4405-4712,
2004.

S. Fattouch, P. Caboni, V. Coroneo, C. I. G. Tuberoso, A. Angioni, S. Dessi, N. Marzouki, and P. Cabras, Antimicrobial
activity of Tunisian quince (Cydonia oblonga Miller) pulp and peel polyphenolic extracts, Journal of Agricultural and
Food Chemistry, 55, pp. 963—969, 2007.

D. Alesiani, A. Canini, B. D’Abrosca, M. Dellagreca, A. Fiorentino, C. Mastellone, P. Monaco, and S. Pacifico, Antioxidant
and antiproliferative activities of phytochemicals from Quince (Cydonia vulgaris) peels, Food Chemistry, 118, pp. 199-
207, 2010.

M. Carvalho, B. M. Silva, R. Silva, P. Valentdo, P. B. Andrade, and M. L. Bastos, First report on Cydonia oblonga Miller
anticancer potential: Differential antiproliferative effect against human kidney and colon cancer cells, Journal of
Agricultural and Food Chemistry, 58, pp. 3366-3370, 2010.

P. J. Szychowski, S. Munera-Picazo, A. Szumny, A. A. Carbonell-Barrachina., F. Hernandez, Quality parameters, bio-
compounds, antioxidant activity and sensory attributes of Spanish quinces (Cydonia oblonga Miller), Scientia
Horticulturae, 165, pp. 163—-170, 2014.

M. Teleszko, and A. Wojdyto, Comparison of phenolic compounds and antioxidant potential between selected edible
fruits and their leaves, Journal of Functional Foods, 14, pp. 736-746, 2015.

A. P. Oliveira, J. A. Pereira, P. B. Andrade, P. Valentdo, R. M. Seabra, and B. M. Silva, Phenolic profile of Cydonia
oblonga Miller leaves, Journal of Agricultural and Food Chemistry, 55, pp. 7926-7930, 2007.

C. Grundemann, M. Papagiannopoulos, E. Lamy, V. Mersch-Sundermann, and R. Huber, Immunomodulatory properties
of a lemon-quince preparation (Gencydo®) as an indicator of anti-allergic potency, Phytomedicine: International Journal
of Phytotherapy and Phytopharmacology, 18, pp. 760-768, 2011

K. Essafi-Benkhadir, A. Refai, I. Riahi, S. Fattouch, , H. Karoui, and M. Essafi, Quince (Cydonia oblonga Miller) peel
polyphenols modulate LPS-induced inflammation in human THP-1-derived macrophages through NF-kB, p38MAPK and
Akt inhibition, Biochemical and Biophysical Research Communications, 418, pp. 180-185, 2012.

A. Abliz, Q. Aji, E. Abdusalam, X. Sun, A. Abdurahman, W. Zhou, N. Moore, and A. Umar, Effect of Cydonia oblonga Mill.
leaf extract on serum lipids and liver function in a rat model of hyperlipidaemia, Journal of Ethnopharmacology, 151, pp.
970-974, 2014.

R. M. Costa, A. S. Magalhaes, J. A. Pereira, P. B. Andrade, P. Valentdao, M. Carvalho, and B. M. Silva, Evaluation of free
radical-scavenging and antihemolytic activities of quince (Cydonia oblonga) leaf: A comparative study with green tea
(Camellia sinensis), Food and Chemical Toxicology, 47, pp. 860-865, 2009.

A. G. M. Osman, M. Koutb, and A. E. H. Sayed, Use of hematological parameters to assess the efficiency of quince
(Cydonia oblonga Miller) leaf extract in alleviation of the effect of ultraviolet—A radiation on African catfish Clarias
gariepinus (Burchell, 1822), Journal of Photochemistry and Photobiology B: Biology, 99, 1-8, 2010.

J. A. Vinson, L. Zubik, P. Bose, N. Samman, and J. Proch, Dried fruits: excellent in vitro and in vivo antioxidants, Journal of
the American College of Nutrition, 24, pp. 44-50, 2005.

S. Benzarti, H. Hamdi, S. Mohri, and Y. Ono, Hyperaccumulator Thlaspi caerulescens (Ganges ecotype) response to
increasing levels of dissolved cadmium and zinc, Chemistry and Ecology, 28, pp. 561-573, 2012.

A. P. Oliveira, R. M. Costa, A. S. Magalhdes, J. A. Pereira, M. Carvalho, P. Valentdo, P. B. Andrade, and B. M. Silva,
Targeted metabolites and biological activities of Cydonia oblonga Miller leaves, Food Research International, 46, pp.
496-504, 2012.

Z. Kraiem-Dardour, A. Zairi, K. Msaada, H. Hamdi, and B. Ezzili, Changes of phenolic compounds in Carignan merithallus
(Vitis vinifera L.) during bud dormancy and end of dormancy phase: correlation with rhizogenesis, Agricultural Sciences,
2, pp. 498-504, 2011.

F. Pourmorad, S.J. Hosseinimehr, and N. Shahabimajd, Antioxidant activity, phenol and flavonoid contents of some
selected Iranian medicinal plants, African Journal of Biotechnology, 5, pp. 1142-1145, 2006.

C. Negro, L. Tommasi, and A. Miceli, Phenolic compounds and antioxidant activity from red grape marc extracts,
Bioresource Technology, 87, pp. 41-44, 2003.

D. Huang, B. Ou, and R. L. Prior, The chemistry behind antioxidant capacity assays, Journal of Agricultural and Food
Chemistry, 53, pp. 1841-1856, 2005.

ISSN : 2028-9324 Vol. 13 No. 3, Nov. 2015 525



Total phenolic compounds and antioxidant potential of quince (Cydonia oblonga Miller) leaf methanol extract

[21] W. Binsan, S. Benjakul, W. Visessanguan, S. Roytrakul, M. Tanaka, and H. Kishimura, Antioxidative activity of Mungoong,
an extract paste, from the cephalothorax of white shrimp (Litopenaeus vannamei), Food Chemistry, 106, pp. 185-193,
2008.

[22] R.Re, N. Pellegrini, A.Proteggente, A.Pannala, M. Yang, and C. Rice-Evans, Antioxidant activity applying an improved
ABTS radical cation decolorization assay, Free Radical Biology and Medicine, 26, pp. 1231-1237, 1999.

[23] M. G. E. Karar, D. Pletzer, R. Jaiswal, H. Weingart, and N. Kuhnert, Identification, characterization, isolation and activity
against Escherichia coli of quince (Cydonia oblonga) fruit polyphenols, Food Research International, 65, Part A, pp. 121-
129, 2014.

[24] S. Sreelatha, and P.R. Padma, Antioxidant activity and total phenolic content of Moringa oleifera leaves in two stages of
maturity, Plant Foods for Human Nutrition 64, pp. 303-311, 2009.

[25] B. M. Silva, P. Valentdo, R. M. Seabra, and P. B. Andrade, Quince (Cydonia oblonga Miller): An Interesting Dietary Source
of Bioactive Compounds. In K.N. Papadopoulos (Ed.), Food Chemistry Research Developments, pp. 243-266. New York,
USA: Nova Science Publishers, Inc., 2008.

[26] A. Wojdyto, J. Oszmianski, M. Teleszko, and A. Sokét-tetowska, Composition and quantification of major polyphenolic
compounds, antioxidant activity and colour properties of quince and mixed quince jams, International Journal of Food
Sciences and Nutrition 64, pp. 749-756, 2013.

[27] S. A. Mir, F. A. Masoodi, , A. Gani, S. A. Ganaie, U. Reyaz, and S. M. Wani, Evaluation of antioxidant properties of
methanolic extracts from different fractions of quince (Cydonia oblonga Miller), Advances in Biomedicine and Pharmacy,
2, pp. 1-6, 2015.

[28] R. S. Phatak, and A. S. Hendre, Total antioxidant capacity (TAC) of fresh leaves of Kalanchoe pinnata. Journal of
Pharmacognosy and Phytochemistry, 2, pp. 32-35, 2014.

[29] O. P. Sharma, and T. K. Bhat, DPPH antioxidant assay revisited, Food Chemistry, 113, pp. 1202-1205, 2009.

[30] A. S. Magalhdes, B. M. Silva, J. A. Pereira, P. B. Andrade, P. Valentdo, and M. Carvalho, Protective effect of quince
(Cydonia oblonga Miller) fruit against oxidative hemolysis of human erythrocytes, Food and Chemical Toxicology, 47, pp.
1372-1377, 2009.

[31] R.Van Der Werf, S. Dal-Ros, J. Legrandois, D. Aoude-Werner, F. Digel, S. Ennahar, S. Sigrist, E. Marchioni, Determination
of active radical scavenging compounds in polar fruit and vegetable extracts by an on-line HPLC method, LWT - Food
Science and Technology, 62, pp. 152-159, 2015.

[32] H. Du, J. Wu, H. Li, P. X. Zhong, Y. J. Xu, C. H. Li, K. X. Ji, and L. S. Wang, Polyphenols and triterpenes from Chaenomeles
fruits: Chemical analysis and antioxidant activities assessment, Food Chemistry, 141, pp. 4260-4268, 2013.

[33] F. Shi, X. Jia, C. Zhao, and Y. Chen, Antioxidant Activities of Various Extracts from Artemisia selengensis Turcz (LuHao),
Molecules, 15, pp. 4934-4946, 2010.

ISSN : 2028-9324 Vol. 13 No. 3, Nov. 2015 526



